(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europien des brevets 



(12) 



(11) EP 0 973 462 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
14.06.2006 Bulletin 2006/24 

(21) Application number: 98915475.2 

(22) Date of filing: 07.04.1998 



(51) IntCL: 

(86) International application number: 
PCT/US1998/007249 

(87) International publication number: 

WO 1998/044872 (15.10.1998 Gazette 1998/41) 



(54) SURGICAL STENT HAVING A STREAMLINED CONTOUR 

PROFILIERTER CHIRURGISCHER STENT 

EXTENSEUR CHIRURGICAL AYANT UN CONTOUR PROFILE 



(84) Designated Contracting States: 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 
NL PT SE 

(30) Priority: 10.04.1997 US 839434 

(43) Date of publication of application: 
26.01.2000 Bulletin 2000/04 

(73) Proprietor: Cook Incorporated 

Bloomington, Indiana 47402-0489 (US) 



m 

CM 
CO 

CO 
O) 

o 

UJ 



(72) Inventor: Frantzen, John, J. 
Copperopolis, CA 95228 (US) 

(74) Representative: Jehan, Robert et al 
Williams Powell 
Morley House 
26-30 Holborn Viaduct 
London EC1A2BP (GB) 



(56) References cited: 
EP-A- 0 274 846 
US-A- 5 527 354 



EP-A- 0 734 699 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid (Art 
99(1) European Patent Convention). 



Printed by Jouve. 7S001 PARIS (FR) 



1 EP 0 973 

Description 
Technical Field 

[0001] The following invention relates to surgical s 
stents of a generally tubular configuration which can be 
surgically implanted into a body lumen, such as an artery, 
and be radially expanded to support the lumen. More 
specifically, this invention relates to radially expandable 
surgical stents which exhibit an inner surface which has to 
a streamlined contour and a finely polished surface to 
minimize disruption of bodily fluid flow through the lumen. 

Background Art 

15 

[0002] Surgical stents have long been known which 
can be surgically implanted into a body lumen, such as 
an artery, to reinforce, support, repair or otherwise en- 
hance the performance of the lumen. For instance, in 
cardiovascular surgery it is often desirable to place a 20 
stent in the coronary artery at a location where the artery 
is damaged or is susceptible to collapse. The stent, once 
in place, reinforces that portion of the artery allowing nor- 
mal blood flow to occur through the artery. One form of 
stent which is particularty desirable for implantation in 25 
arteries and other body lumens is a tubular stent which 
is formed as a complete tubular cylinder and can be ra- 
dially expanded from a first smaller diameter to a second 
larger diameter. Such radially expandable stents can be 
inserted into the artery by being located on a catheter 30 
and fed internally through the arterial pathways of the 
patient until the unexpanded stent is located where de- 
sired. The catheter is fitted with a balloon or other expan- 
sion mechanism which exerts a radial pressure outward 
on the stent causing the stent to expand radially to a 3S 
larger diameter. Such expandable stents exhibit suffi- 
cient rigidity after being expanded that they will remain 
expanded after the catheter has been removed. 
[0003] Radially expandable stents come in a variety of 
different configurations to provide optimal pertormance 
to various different particular circumstances. For in- 
stance, the patents to Lau (U.S. Pat. Nos. 5,514,154, 
5,421,955. and 5,242,399), Baracci (U.S. Pat. No. 
5.531.741), Gaterud (U.S. Pat. No. 5,522,882), Giantur- 
co (U.S. Pat. Nos. 5.507,771 and 5.314.444), Termin ^5 
(U.S. Pat. No. 5.496,277), Lane (U.S. Pat. No. 
5,494,029), Maeda (U.S. Pat. No. 5.507,767). Marin 
(U.S. Pat. No. 5,443.477). Khosravi (U.S. Pat. No. 
5.441,515), Jessen (U.S. Pat. No. 5,425,739). Hickle 
(U.S. Pat. No. 5.139,480), Schatz (U.S. Pat. No. so 
5,195.984), Fordenbacher(U.S. Pat. No. 5,549.662) and 
Wiktor(U.S. Pat. No. 5,1 33,732), each include some fonn 
of radially expandable stent for implantation into a body 
lumen. 

[0004] EP-A-0.274,846 discloses a surgical stent hav- 55 
ing segments with a D-shaped aoss-section which is 
rounded primarily on Its exterior surface. 
[0005] Some problems which have been exhibited by 
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prior art stents include that the inner and outer surfaces 
of the stents are not sufficiently streamlined or finely 
enough polished to prevent certain medical complica- 
tions. For instance, thrombus, a phenomenon where a 
fibrous clot fomns within cracks and other In-egularities in 
the surface finish of an implanted object (such as a stent), 
is enhanced when the surfaces of the stent are not finely 
polished. Additionally, when the inner surface of the stent 
is substantially planar and has abmpt edges along bor- 
ders thereof, turbulence is introduced into the blood. 
When a stent having such an abrupt edge is implanted 
into an artery, plaque and other deposits are provided 
with a site for collection and potential nan-owing of the 
arteries and restriction of blood flow this plaque buildup 
adjacent an implanted object (such as a stent) is refen-ed 
to as "restenosis." 

[0006] While many prior art stents do exhibit polished 
surfaces, they are typically not sufficiently finely polished, 
especially on tubulariy formed stents having smaller di- 
ameters, to prevent restenosis and to thrombus adjacent 
the stent after the stent is implanted into the artery. Even 
when finely polished, such prior art stents lack a stream- 
lined contour to minimize disruption of bodily fluid flow 
through the lumen and to further discourage restenosis 
surrounding the stent. 

[0007] Accordingly, a need exists for a radially expand- 
able surgical stent which exhibits a particular streamlined 
contour and smoothness which minimizes negative med- 
ical complications after the surgical stent is implanted 
within a body lumen. 

Disclosure of the Invention 

[0008] According to an aspect of the present invention 
there is provided a radially expandable surgical stent as 
specified in claim 1 . 

[0009] The preferred embodiment of radially expand- 
able surgical stent of this invention exhibits an overall 
tubular cylindrical hollow seamless contour which can 
feature any of a variety of different anrangements for in- 
dividual elements and segments forming the stent. The 
various different segments of the stent have a generally 
elongate, substantially constant cross-sectional contour 
which can either be oriented to extend axially, circumfer- 
entially, or some combination thereof, with each segment 
located between an inner diameter of the stent and an 
outer diameter of the stent. Each segment includes an 
outer surface coextensive with the outer diameter of the 
stent and an inner surface coextensive with the inner 
diameter of the stent. Each segment also includes lateral 
surfaces extending between the inner surface and the 
outer surface which can either be a leading surface on 
an upstream side of the segment, a trailing surface on a 
downstream side of the segment, or a lateral surface gen- 
erally aligned axially with the stent. 
[001 0] Preferably, the inner surface of each segment 
of the stent is extensively streamlined to minimize dis- 
ruption of bodily fluid flow through the body lumen. Spe- 
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cifically. the inner surface Includes an inner leading edge 
and an Inner trailing edge bordering the inner surface. 
Each inner edge is defined by an inner curve having a 
relatively large radius of curvature when compared to the 
radii of curvature exhibited by outer edges adjacent the 5 
outer surface of each stent segment. Because the inner 
edges have a large radius of curvature, they do not 
present any abrupt transition in flow for bodily fluids pass- 
ing over the inner surface of the stent segment, particu- 
larly when the stent segment Is aligned circumferentially w 
with bodily fluid flow passing adjacent the inner surface 
from a leading inner edge to a trailing inner edge. 
[0011] Advantageously surfaces of each stent seg- 
ment are configured to have a surface finish which is free 
from abrupt transitions and irregularities, such as prom- is 
inences extending more than five micro inches above 
adjacent portions of the surrounding surface. Smooth 
flow of blood or other bodily fluids over the surfaces of 
the stent can thus be preserved and a risk of medical 
complications such as restenosis and thrombus can be 20 
minimized. 

Brief Description of the Drawings 

[0012] 25 

FIG. 1 is a perspective view of a radially expandable 
surgical stent featuring the streamlined contour of 
this invention. 

FIG. 2 Is a cylindrical projection of an altemative stent 30 
of that which is shown In FIG. 1 which also features 
the streamlined contour of this invention. 
FIG. 3 Is a perspective view of a stent segment rep- 
resentative of stent segments of another altemative 
stent to that which is shown in FIG. 1 . 35 
FIG. 4 is a perspective view of a stent segment sim- 
ilar to that which is shown in FIG. 3, but exhibiting a 
contour found in many representative prior art stents. 
FIG. 5 is a full sectional view taken along line 5-5 
of FIG. 1 . 2 or 3 revealing a specific contour of sur- ^0 
faces of the stem segments according to this inven- 
tion. 

FIG. 6 is a full sectional view taken along line 6-6 
of FIG. 4 revealing details of a typical contour of a 
representative prior art stent segment. 45 
FIG. 7 is a full sectional view similar to that which is 
shown in FIG, 5 and further revealing details of the 
contour of segments fonming a stent according to 
this invention. 

FIG. 8 is a full sectional view of a stent featuring the so 
preferred cross-sectional contour of this invention 
and shown implanted within a lumen, such as an 
artery. 

FIG. 9 is a full sectional view of a lumen, such as an 
artery, with a prior art stent implanted therein. 55 
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Best Itflodes for Carrying Out the Invention 

[0013] Referring to the drawings, wherein like refer- 
ence numerals represent like parts throughout the vari- 
ous drawing figures, reference numeral 10 is directed to 
a radially expandable surgical stent (FIG, 1) for implan- 
tation within a body lumen L (FIG. 8) and to which the 
specific contour of this invention can be applied. A stent 
such as the surgical stent 1 0 is formed from multiple stent 
segments; such as the stent segments 40 (Figure 3) 
which feature a particular cross-sectional contour (Figure 
5). This contour is characterized by having an inner sur- 
face 44 which is dissimilar to an outer surface 42 such 
that the inner surface 44 is streamlined to minimize dis- 
ruption of bodily fluid flow passing over the inner surface 
44 when the stent 10 is implanted within a body lumen L 
(Figure 8). 

[001 4] In essence, and with particular reference to Fig- 
ure 5, the cross-sectional contour of each stent segment 
40 Is described. Each stent segment 40 is an elongate 
construct of substantially constant cross-sectional gen- 
erally rectangular form, having an outer surface 42 op- 
posite an inner surface 44. Two lateral side surfaces In- 
cluding a leading surface 46 and a trailing surface 48 
extend between the Inner surface 44 and the outer sur- 
face 42. The inner surface 44 Is provided with an inner 
leading edge 54 and an inner trailing edge 56 which are 
defined by an inner leading curve 60 and an inner trailing 
curve 62, respectively, with sufficiently high radii of cur- 
vature 70,-72 (Figure 7) that the inner surface 44 is highly 
streamlined between the inner leading edge 54 and the 
inner trailing edge 56. 

[001 5] The outer surface 42 extends between two side 
edges including an outer leading edge 50 and an outer 
trailing edge 52. The outer leading edge 50 is defined by 
an outer leading curve 64 and the outer trailing edge 52 
Is defined by an inner trailing curve 62. The inner leading 
curve 60 and Inner trailing cun/e 62 have radii of curvature 
74, 76 (Figure 7) which are less than the radii of curvature 
70, 72 of the inner leading curve 60 and the inner trailing 
curve 62 (Figure 5), The stent segment 40 thus has a 
contour which presents a highly streamlined gradually 
curving surface for passage of bodily fluid B (Figure 8) 
there over and the outer surface 42 presents a more 
abrupt contour for secure positioning adjacent an inner 
surface S of the body lumen L (Figure 8). 
[001 6] More specifically, and with particular reference 
to Figures 1-3, details of the radially expandable surgical 
stent 10 and its alternatives 20. 30 are described. The 
contour featured by this invention (Figure 5) can be ben- 
eficially incorporated into surgical stents of a variety of 
different configurations, and stents of a variety of different 
materials, including radially expandable metallic stents 
formed of surgical steel, nickel titanium, polyhydrocar- 
bons. metallic alloys or other implantable materials. For 
instance, the radially expandable surgical stent 10 (Fig- 
ure 1) can exhibit streamlined segments having the con- 
tour of the stent segment 40 shown in Figure 5, as rep- 
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resented by section lines 5-5. 

[001 7] The surgical stent 10 is fornned from a series of 
separate circumferential elements 12 passing circumfer- 
entially, along arrow C, entirely around the cylindrical ra- 
dially expandable surgical stent 10, preferably in a seam- 
less manner. Axial elements 14, extending along arrow 
A, are affixed between adjacent circumferential elements 
12 to tie the circumferential elements 12 together and 
form the stent 10 as a single tubular unit. When the stent 
10 is configured with the streamlined contour of this in- 
vention (Figure 5). the inner surface 44 faces radially 
inward toward a central axis of the stent 1 0 and the outer 
surface 42 faces radially outward (along arrow R) away 
firom a central axis of the stent 10. With the streamlined 
contour of the stent segment 40 shown in Figure 5, the 
surgical stent 10 can beneficially support a body lumen 
L (Figure 8) with individual stent segments 40 having a 
minimal effect on blood/fluid flow B through a body lumen 
L. such as an artery. 

[001 8] To further exhibit the ability of the streamlined 
contour of the stent segment 40 (Figure 5) of this inven- 
tion to be incorporated into stents of different configura- 
tions, an alternative stent 20 is shown (Figure 2) exhib- 
iting the unique contour of this invention. In the alternative 
stent 20 (Figure 2) a series of serpentine circumferential 
elements 22 are oriented circumferentially surrounding 
the alternative stent 20, along arrow C. Axial elements 
24 are oriented axially, aligned with arrow A, and tie ad- 
jacent circumferential elements 22 together. Angled el- 
ements 26 replace axial elements 24 between some pairs 
of circumferential elements 22 to provide additional flex- 
ibility to the alternative stent 20, as shown by section line 
5-5 of Figure 2. The streamlined contour of the stent seg- 
ment 40 of Figure 5 can be incorporated into the alter- 
native stent 20 to provide the benefits of the contour of 
the stent segment 40 to the alternative stent 20 in a man- 
ner similar to that described above with respect to the 
surgical stent 10 of Figure 1. 

[0019] Another alternative stent 30 (Figure 3) is de- 
signed with stent segments 40 including circumferential 
elements 32 extending in a serpentine pattern circumfer- 
entially, along an-ow C around the stent 30 with axial el- 
ements 34 joining adjacent circumferential elements 32. 
In the alternative stent 30, the axial element 34 joins to 
the circumferential element 32 adjacent a crest 36 in the 
circumferential element 32. As shown in Figure 4, such 
stents, represented by reference numeral 30* are com- 
mon in the prior art which feature stent segments 40* but 
which lack the particular contour of the stent segment 40 
of this invention. 

[0020] The circumferential elements 32 of the altema- 
tive stent 30 and the axial elements 34 of the alternative 
stent 30 can similariy be provided with the unique contour 
exhibited in Figure 5» as represented by section line 5-5 
shown In Figure 3. However, when the stent segment 40 
is oriented axially along arrow A. blood/body fluid flow B 
over the Inner surface 44 of the stent segment 40 is ro- 
tated 90*" when compared to the orientation of the stent 



segment 40 and inner surface 44 when the circumferen- 
tial element 32 in which the inner surface 44 is located 
extends circumferentially, as shown in Figures 1 and 2 
by section lines 5-5. 

5 [0021] With particular reference to Figures 5 and 7, 
details of the particular contour of the stent segment 40 
are described. The stent segment 40 is an elongate sut>- 
stantially rigid construct having a substantially constant 
cross-section as represented in Figure 5. This cross-sec- 

10 tion exhibits a contour which is streamlined to optimize 
blood/body fluid flow B (Figure 8) over the inner surface 
44 of the stent segment 40. The stent segment 40 is 
somewhat rectangular in cross-section except that cor- 
ners of the cross-section of the stent segment 40 are 

15 curved to varying degrees, altering the cross-sectional 
contour of the stent segment 40 away from what would 
be a more particulariy rectangular contour. Hence, an 
outer surface 42 Is presented forming one surface of the 
stent segment 40, substantially coextensive with an outer 

20 diameter of the surgical stent 1 0, or altemative stents 20, 
30. An inner surface 44 is oriented opposite the outer 
surface 42. The inner surface 42 is coextensive with an 
inner diameter of the stents 10, 20, 30 and Is roughly 
parallel to the outersurface 42. Because the Inner surface 

25 44 is highly rounded the inner surface 44 Is actually only 
parallel to the outer surface 42 adjacent a middle region 
of the inner surface 44. 

[0022] Two lateral side surfaces 46, 48 extend be- 
tween the inner surface 44 and the outer surface 42 and 

30 fonm the remaining two sides of the somewhat rectangu- 
lar stent segment 40. The lateral side surfaces 46, 48 
include a leading surface 46 and a trailing surface 48. 
While the leading surface 46 is oriented facing upstream 
much of the time when a stent such as the surgical stent 

35 10, fitted with the stent segment 40 of this Invention is 
implanted within a body lumen L (Figure 8), it is also 
possible that the leading surface 46 can in fact be orient- 
ed parallel to a direction of flow of blood/fluid flow B within 
a body lumen L if the stent segment 40 is oriented axially, 

40 such as is shown In Figure 3 for the altemative stent 30. 
Similariy, the trailing surface 48, while often facing down- 
stream when incorporated into a stent 1 0 implanted with- 
in a body lumen L, can have other orientations when In- 
corporated into stents of different configurations. Hence, 

45 the temnlnology "leading" and "trailing" Is not Intended to 
limit the orientation in which these lateral side surfaces 
46. 48 can be oriented. 

[0023] The outer surface 42 extends between an outer 
leading edge 50 and an outer trailing edge 52. The outer 

50 leading edge 50 defines a transition between the outer 
surface 42 and the leading surface 46. The outer trailing 
edge 52 defines a transition between the outer surface 
42 and the trailing surface 48. The outer surface 42 is 
preferably substantially planar between the outer leading 

S5 edge 50 and the outer trailing edge 52. 

[0024] The inner surface 44 extends between an inner 
leading edge 54 and an inner trailing edge 56, The inner 
surface 44 preferably has a small substantially planar 
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area at a mid point between the inner leading edge 54 
and the inner trailing edge 56 which is substantially par- 
aliel to the outer surface 42. A thickness T of the stent 
segment 40 is defined by the distance between the outer 
surface 42 and the inner surface 44. Altemativeiy, the 
inner surface 44 can lack any planar region but rather 
curve continuously between the inner leading edge 54 
and the inner trailing edge 56 with the thickness T of the 
stent segment 40 defined by a distance between the outer 
surface 42 and a mid point in the inner surface 44 be- 
tween the inner leading edge 54 and the inner trailing 
edge 56, where the thickness T of the stent segment 40 
is at a maximum. 

[0025] The leading surface 46 and trailing surface 48 
are preferably mirror images of each other and extend 
between the inner surface 44 and outer surface 42, 
smoothly joining the inner surface 44 with the outer sur- 
face 42 without any abrupt transitions between the outer 
surface 42 and the inner surface 44. The leading surface 
46 and trailing surface 48 preferably do not have any 
planar regions thereon, but rather continuously curve be- 
tween the inner surface 44 and the outer surface 42. The 
stent segment 40 thus has each surface 42, 44, 46, 48 
joining to adjacent surfaces through edges 50» 52. 54, 
56, somewhat analogous to the four comers of a rectan- 
gle. 

[0026] The inner leading edge 54 has a contour spe- 
cifically defined by an inner leading curve 60 extending 
from the leading surface 46 to the inner surface 44. Sim- 
ilarly, the inner trailing edge 56 has its contour defined 
by an inner trailing curve 62 extending from the inner 
surface 44 to the trailing surface 48. The inner curves 
60. 62 are free of abrupt transitions, but rather provide a 
smooth transition between the lateral side surfaces 46. 
48 and the inner surface 44. Preferably, the Inner curves 
60, 62 are exact mirror images of each other. 
[0027] In defining the exact contour of the inner curves 
60, 62 each curve 60, 62 is provided with a radius of 
curvature including the inner leading radius of curvature 
70 and the inner trailing radius of curvature 72. Each 
inner radius of curvature 70, 72 extends from a center of 
curvature such as the inner leading center of curvature 
80 or the inner trailing center of curvature 82. The exact 
radii of curvature for the inner curves 60, 62 and the cent- 
ers of curvature 80, 82 for the inner curves 60. 62 can 
be varied somewhat to confonm to the particular design 
parameters of the application in which the stent segment 
40 is to be utilized. 

[0028] Factors to consider in the design of the contour 
for the inner curves 60. 62 and the selection of the radii 
of curvature 70. 72 and the centers of curvature 80, 82 
include the desired coefficient of drag between the stent 
segment 40 and the fluid passing adjacent thereto, the 
viscosity of the fluid intended to be passing adjacent 
thereto, the diameter of the stent 1 0 in which the stent 
segment 40 is located, the extent to which the stent 10 
is expected to embed itself into inner surfaces S of the 
body lumen L in which the stent 10 is implanted (FIG. 8), 



and other design parameters relevant to the particular 
application in which the stent 10 is to be utilized. It is 
considered preferable for many applications to form the 
radii of curvature 70. 72 to have a size greater than the 

5 size of the thickness T of the stent segment 40, such that 
the centers of curvature 80, 82 are located above the 
outer surface 42 of the stent segment 40. For instance, 
when a thickness T of the stent segment 40 is 0.076 ^m 
(0.003 inches), radii of curvature 70, 72 for the inner 

10 curves 60, 62 canbeO.102 jjtm (0.004 inches) or greater, 
[0029] While useful in illustrating the specific contour 
of the inner curves 60, 62, it is not required that the inner 
curves 60, 62 have constant radii of curvature 70. 72 or 
a constant position for the centers of curvature 80, 82. 

15 Rather, it is preferable that the inner curves 60, 62 in fact 
be a "French" curve without a constant radius of curvature 
or an exact fixed position for a center of curvature. When 
the inner curves 60, 62 exhibit such a French curve con- 
tour, the radii of curvature 70, 72 are initially smaller ad- 

20 jacent the lateral side surfaces 46, 48 and the centers of 
curvature 80, 82 are initially closer to the inner surface 
44. As the curves 60, 62 extend away from the lateral 
side surfaces 46, 48 and toward a middle of the inner 
surface 44. the radii of curvature 70. 72 increase and the 

25 position of the centers of curvature 80, 82 move away 
from the inner surface 44. Preferably, the resulting con- 
tours of the inner cun/es 60. 62 are somewhat analogous 
to streamlined surfaces found effective in minimizing co- 
efficients of drag. 

30 [0030] The outer leading edge 50 and outer trailing 
edge 52 of the outer surface 42 are defined by an outer 
leading curve 64 and an outer trailing curve 66, respec- 
tively. The outer cun^es 64, 66 are similar to each other 
but contrasted with the inner curves 60, 62 adjacent the 

35 inner surface 44. 

Specifically, the outer curves 64, 66 are defined by an 
outer leading radius of curvature 76 and an outer trailing 
radius of curvature 78 distinct from the radii of curvature 
70, 72 of the inner curves 60, 62. Additionally, the outer 

40 curves 64, 66 are centered upon an outer leading center 
of curvature 86 and an outer trailing center of curvature 
88 which are closer to the outer curves 66, 68 than is the 
case with the inner curves 60, 62. 
[0031] Preferably, the outer curves 64, 66 are similar 

<s in contour to each other and exhibit fixed radii of curvature 
74. 76 which are less than half of a size of the thickness 
T of the stent segment 40. Unlike the inner curves 60. 
62. the outer curves 64, 66 preferably exhibit radii of cur- 
vature 74, 76 which are constant in size and with fixed 

50 centers of curvature 84, 86. 

[0032] Because the outer curves 64, 66 are configured 
to rest against the inner surface S of the lumen L (Figure 
8), such as an artery, streamlining of the outer curves 
64, 66 is not a priority. Rather, it is beneficial to provide 

55 the outer curves 64, 66 with a sufficiently smooth surface 
that no sharp corner is presented at the outer leading 
edge 50 and outer trailing edge 52 which could irritate 
the tissues forming the inner surface S of the lumen L 
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and potentially stimulate thronnbus ordamage to the inner 
surface S of the lunnen L. By maintaining the radii of cur- 
vature 74, 76 of the outer curve 64. 66 below half of the 
thickness T of the stent segment 40. the outer curves 64, 
66 are sufTiciently abrupt to allow the outer surface 42 to 
securely engage the inner surface S of the lumen L and 
resist displacement of the stent 10 longitudinally along 
the lumen L away from the stent's original and desired 
position. 

[0033] The lateral side surfeces 46, 48 are preferably 
spaced apart by a width W which is defined as the di- 
mension of greatest distance between the leading sur- 
face 46 and the trailing surface 48 of the stent segment 
40. This maximum width W point also defines a transition 
where the contour of the outer curves 64, 66 transition 
to the contours of the inner curves 60, 62 for embodi- 
ments where no planar leading surface 46 or trailing sur- 
face 48 is provided. In one fonm of the invention, the outer 
curves 64, 66 can gradually transition into the inner 
curves 60, 62 by having the radii of curvature 70, 72 of 
the inner curves 60, 62 match the radii of curvature 74. 
76 of the outer curves 64, 66 adjacent this maximum 
width W point. The radii of curvature 70, 72 of the inner 
curve 60, 62 would then begin to increase as the inner 
curves 60. 62 continue toward a middle of the inner sur- 
face 44. Simultaneously, the centers of curvature 80, 82 
would begin to migrate from the location of the centers 
of curvature 84, 86 of the outer curves 64. 66 to their 
positions above the outer surface 42. 
[0034] In addition to the particular contour of the curves 
60, 62, 64, 66 forming the stent segment 40, it is a ben- 
eficial feature of this invention that a finish of the surfaces 
42, 44. 46, 48 be particularly smooth to minimize prom- 
inences which could cause irritation for tissues forming 
the inner surface S of the lumen L or which could disrupt 
blood/fluid flow B (Figure 8) or provide sites at which 
plaque P, leading to restenosis or thrombus H could oc- 
cur, as shown in Figure 9. Specifically, and as shown in 
Figures 4-6, prior art stent segments 40' are typically sub- 
stantially rectangular in cross-section with a substantially 
planar outer surface 42' parallel to and spaced from a 
substantially planar inner surface 44'. A leading surface 
46' is substantially planar and parallel to and spaced from 
a substantially planar trailing surface 48'. Edges 50', 52', 
54*. 56' generally correspond to edges 50, 52, 54. 56 in 
the stent segment 40 of this invention. 
[0035] Such prior art stent segments 40* not only lack 
the particular streamlining and contouring discussed 
above with regard to the stent segment 40, but addition- 
ally exhibit a relatively high degree of Irregularities in their 
surface finish, lacking a smoothness desirable for optimal 
performance of the stent 10. Specifically, during manu- 
facture, many stent segments 40 get etched and pitted 
by corrosive materials utilized to form and polish the 
stents (FIG. 6). While such in-egularities are typically mi- 
croscopic and only visible with image magnifying equip- 
ment, the surfaces are sufficiently irregular (i.e. irregu- 
larities larger than 0.125 (five micro inches)) that they 



cause irritation to tissues forming the inner surfaces S of 
lumens L in which the stents are implanted (FIG. 9). Such 
irritation can lead to thrombus H, a phenomena where 
tissues surrounding an implant, such as a stent, are stim- 

5 ulated to g row into crevices and cracks in the implant and 
plaque P buildup (restenosis) tending to clog the lumen 
L or othenwise cause irritation to the lumen L. Accordingly, 
it is a desirable feature of this invention that the surface 
finish have a smoothness which eliminates prominences 

^0 greater than 0.1 25 |xm (five micro inches) and preferably 
less than 0.05 iim to 0.075 (im (two to three micro inch- 
es). 

[0036] In use and operation, when a stent 1 0 featuring 
stent segments 40 of this invention is implanted into a 

IS lumen L (FIG. 8) with the stent segments 40 embedding 
slightly into the inner surface S of the lumen L and sup- 
porting the lumen L, blood/fluid flow 8 is only slightly dis- 
rupted and restenosis and plaque buildup is minimized. 
When prior art stents are implanted (FIG. 9) stent seg- 

20 ments 40 having more abnjpt contours cause disruption 
in the blood/fluid flow B producing eddies E which further 
disrupt blood/fluid flow B and encourage the formation 
of plaque P, leading to restenosis, along the inner surface 
S at various locations along the inner surface S. Throm- 

25 bus H is also stimulated by irregularities in surface finish 
exhibited by stent segments 40' of prior art stents. 
[0037] Because the leading curves 60. 64 generally 
matching the contour of the trailing curves 62, 66 of each 
stent segment 40, the stent 10 featuring the stent seg- 

30 ment 40 can be reversed 180 DEG with similar function 
in either orientation. Alternatively, should maximum 
streamlining of the stent segment 40 be desired, the inner 
surface 44 can be provided with a more airfoil-like asym- 
metrical contour which does not provide the leading sur- 

35 face 46 and trailing surface 48 as mirror images of each 
other, but rather provides the leading surface 46 with a 
smaller radius of curvature and the trailing surface 48 
with a larger radius of curvature or a tapering gradual 
slope, somewhat analogous to that of a teardrop in cross- 

^0 section. Such an asymmetrical surgical stent would nec- 
essarily only benefit from its form when implanted in a 
particular direction with regard to blood/fluid flow B 
through the lumen L. 

[0038] Having thus described the invention, it should 
45 be apparent that numerous modifications to the specific 
details described herein could be resorted to without de- 
parting from the scope of this invention as claimed herein. 
Additionally, the particular details provided in this de- 
scription are not provided to limit the interpretation of the 
50 claims to this invention, but rather are presented by way 
of example and to supply an enabling disclosure and best 
mode for practicing this invention. 



[0039] This invention exhibits industrial applicability in 
that it provides a radially expandable surgical stent which 
has a generally cylindrical contour with an inner diameter 
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defined by Inner surfaces of segments forming the stent 
and an outer diameter defined by outer surfaces of the 
segments forming the stent, the Inner surfaces having a 
streamlined contour to minimize disruption of blood flow 
passing over segments of the stent when the stent is 
implanted within an artery or other body lumen. 
[0040] Another object of the present invention is to pro- 
vide a surgical stent which minimizes medical complica- 
tions such as restenosis and thrombus adjacent the stent. 
[0041] Another object of the present invention is to pro- 
vide a radially expandable surgical stent which has a fin- 
ish smoothness which minimizes medical complications 
such as restenosis and thrombus adjacent the stent when 
the stent Is Implanted within an artery or other body lu- 
men. 

[0042] Another object of the present invention is to pro- 
vide a surgical stent which can support a body lumen 
while minimizing disruption of flow of bodily fluids through 
the lumen. 

[0043] Another object of the present Invention Is to pro- 
vide a surgical stent which is reversible and can be im- 
planted in two distinct orientations rotated ISO** from each 
other without altering performance of the surgical stent. 
[0044] Another object of the present invention Is to pro- 
vide a surgical stent which features an Inner surface 
which has edges with greater radii of curvature than radii 
of curvature of outer edges bordering an outer surface 
of segments of the stent, such that disruption to blood 
flow within a body lumen in which the stent is implanted 
Is minimized and the outer surface of the stent Is securely 
held adjacent a wall of the lumen. 
[0045] Other further objects of the present invention 
will become apparent from a careful reading of the in- 
cluded description and claims and from a review of the 
drawing figures. 



men in which said stent Is Implanted. 

2. A stent as in claim 1 , wherein said inner edges (44) 
include an inner leading curve (60) and an inner trail- 

s Ing curve (62), said inner leading curve (60) adjacent 
a leading surface (46) of said segment between said 
inner surface (44) and said outer surface (42), said 
inner trailing curve (62) between said inner surface 
and a trailing surface (48) between said inner surface 

10 and said outer surface of said segment and opposite 
said leading surface, said inner leading curve (54) 
having an inner leading radius of curvature (70) sub- 
stantially equal to an inner trailing radius of curvature 
(72) of said inner trailing cun/e (56), such that said 

^5 inner edges are substantially mirror images of each 
other and said stent is reversible. 

3. A stent as in claim 2. wherein said outer edges (42) 
include an outer leading curve (64) and an outer trail- 

20 ing curve (66), said outer leading curve (64) having 
an outer leading radius of curvature (74) and said 
outer trailing curve (66) having an outer trailing ra- 
dius of curvature (76), both said inner leading radius 
of curvature (70) and said inner trailing radius of cur- 

25 vature (72) being greater than said outer leading ra- 
dius of curvature (74) and said outer trailing radius 
of curvature (76). 

4. A stent as in claim 3, wherein said Inner leading ra- 
30 dius of curvature (70J2) is greater than twice a size 

of said outer leading radius of curvature (74,76). 

5. A stent as in any preceding claim, wherein said seg- 
ments of said stent are formed from a metallic ma- 

35 terial. 



Claims 

1 . A radially expandable surgical stent (10) for implant- 
ing into a body lumen (L) to Improve the function of 
the body lumen, the stent comprising in combination : 

a plurality of segments (12) joined together to 
form a hollow generally cylindrical stent (10). 
each said segment having a cross-sectional 
contour having an Inner surface (44) defining 
part of an Inner diameter of said stent and an 
outer surface (42) defining part of an outer di- 
ameter of said stent; 

said inner surface (44) bordered by inner curved 
edges (54.56); 

said outer surface (42) bordered by outer curved 
edges (50.52); characterised in that 
said Inner edges (54.56) have a greater radius 
of curvature than said outer edges (50.52). such 
that said Inner surface Is streamlined to facilitate 
smooth passage of body fluids through the lu- 



6. A stent as in any preceding claim, wherein said inner 
surface (44) and said outer surface (41 ) of said stent 
are free from corrosion Induced pitting resulting from 
exposure of said stent to corrosive materials. 

7. A stent as in any preceding claim, wherein said inner 
surface (44) of said stent (10) exhibits a finish 
smoothness having no deformations extending more 
than 0.125 p.m (five micro inches) above sunrounding 
portions of said Inner surface. 

8. A stent as in any preceding daim, wherein said inner 
leading radius of curvature (70) has a size greater 
than a size of a thickness (T) of said segment be- 
tween said inner surface (44) and said outer surface 
(42). 

9. A stent as In any preceding claim, wherein said stent 
is formed from a metallic material taken from the 
group of materials Including stainless steel, nickel 
titanium, polyhydrocarbons and Implantable materi- 
als and alloys. 
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10. A stent as in any preceding claim, wherein said seg- 
ments (12) of said stent are joined together in a man- 
ner allowing a diameter of said stent to be expanded. 

11 . A stent as in any preceding daim, wherein said inner 
radii of curvature of said inner edges are non-con- 
stant and have a maximum size which is greater than 
twice the size of said outer radii of curvature of said 
outer edges. 

12. A stent as in any preceding claim, wherein at least 
two of said plurality of segments (12) have an undu- 
lating form including at least one trough and at least 
one crest as said undulating segments circumscribe 
said cylindrical contour of said stent; at least one 
axial element (24) being located between two adja- 
cent said segments (12) and being attached to one 
of said adjacent segments at a first junction and to 
the other of said segments at a second junction. 



Patentanspruche 

1. Radial expandierbarer chirurgischer Stent (10) zur 
Implantierung in einem Kdrperlumen (L) zur Verbes- 
serung der Funktion des Korperlumens, wobei der 
Stent Folgendes in Kombination aufweist: 

mehrere Segmente (12), die zur Bildung etnes 
hohlen, allgemein zylindrischen Stents (10) mit- 
einander verbunden sind, wobei des Segment 
eine Querschnitlskontur mit einer Innenflache 
(44), die Teil eines Innendurchmessers des 
Stents definiert, und einer AuHenflSche (42). die 
Teil eines AuRendurchmessers des Stents de- 
finiert, hat, 

wobei die Innenflache (44) von gekrummten In- 

nenrdndern (54. 56) begrenzt ist und 

die Auf^enflache (42) von gekrummten AuHen- 

rSndem (50, 52) begrenzt ist, 

dadurch gekennzeichnet, dass 

die Innenrander (54, 56) einen groderen Kriim- 

mungsradius als die AulXenrSnder (50, 52) ha- 

ben, so dass die innenflache stromiinienformig 

ist, um den reibungslosen Durchgang von K6r- 

perflussigkeiten durch das Lumen, in das der 

Stent implantiert ist, zu erieichtern. 

2. Stent nach Anspruch 1 , wobei die Innenrander (44) 
eine vordere Innenkrummung (60) und eine hintere 
Innenkrummung (62) aufweisen, wobei die vordere 
Innenkrummung (60) einer vorderen Flache (46) des 
Segments zwischen der Innenflache (44) und der 
Aullenfldche (42) benachbart Ist und die hintere In- 
nenkrummung (62) zwischen der Innenfldche und 
einer hinteren FIciche (48) zwischen der InnenflSche 
und der AuHenfldche des Segments und gegenuber 
der vorderen FIdche liegt, wobei der innere vordere 



Krummungsradius (70) der vorderen Innenkrum- 
mung (54) im Wesentlichen dem inneren hinteren 
KrOmmungsradius (72) der hinteren InnenkrQm- 
mung (56) entspricht, so dass die Innenrander je- 
s weils Spiegelbilder voneinander sind und der Stent 
umdrehbar ist. 

3. Stent nach Anspruch 2. wobei die AuHenrSnder (52) 
eine vordere AuHenkrOmmung (64) und eine hintere 

10 AuBenkrummung (66) aufweisen, wobei die vordere 
AuBenkrummung (64) einen aulieren vorderen 
Krummungsradius (74) und die hintere Aulienkrum- 
mung (66) einen SuBeren hinteren KrOmmungsradi- 
us (76) aufweist. wobei sowohl der innere vordere 

15 Krummungsradius (70) als auch der innere hintere 
Krummungsradius (72) groBer sind als der Suflere 
vordere Krummungsradius (74) und der auBere hin- 
tere Krummungsradius (76). 

^ 4. Stent nach Anspruch 3, wobei der innere vordere 
Krummungsradius (70, 72) mehr als doppelt so grod 
wie der auliere vordere Krummungsradius (74, 76) 
ist. 

25 5. Stent nach einem der vorhergehenden Anspruche, 
wobei die Segmente des Stents aus einem metalli- 
schen Material gebiidet sind. 

6. Stent nach einem der vorhergehenden Anspruche, 
30 wobei die Innenflache (44) und die AuBenflSche (42) 
des Stents keinen kon-osionsbedingten, sich aus der 
Einwirkung von korrodierenden Materialien auf den 
Stent ergebenden LochfraB aufweisen. 

35 7. Stent nach einem der vorhergehenden Anspruche, 
wobei die Innenflache (44) des Stents (1 0) eine glat- 
te Verarbeitung ohne sich um mehr als 0,125 fim 
(funf Mikro-lnch) uber die umliegenden Abschnitte 
der Innenflache hinauserstreckende Deformationen 

^0 aufweist. 

8. Stent nach einem der vorhergehenden Anspruche, 
wobei der innere vordere KrOmmungsradius (70) 
groBer ist als die GroBe einer Dicke (T) des Seg- 

45 ments zwischen der Innenflache (44) und der Au- 
Benfiache (42). 

9. Stent nach einem der vorhergehenden Anspruche, 
wobei der Stent aus einem metailischen Material aus 

50 der Gruppe von Materialien, zu der Edelstahl. Nik- 
keltitan, Polykohlenwasserstoffe und implantierbare 
Materialien und Legierungen gehfiren, gebiidet ist, 

10. Stent nach einem der vorhergehenden Anspruche, 
55 wobei die Segmente (1 2) des Stents so miteinander 

verbunden sind, dass ein Durchmesser des Stents 
enweitert werden kann. 
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11. Stent nach einem der vorhergehenden Anspruche, 
wobei die inneren Krummungsradien der Innenran- 
dernichtkonstantsindund maximal mehralsdoppelt 
so groQ wie die SuQeren KrOmmungsradten der Au- 
Henrdnder sind. 

12. Stent nach einem der vorhergehenden Anspruche, 
wobei mindestens zwei der mehreren Segmente 
(12) wellig sind, mit mindestens einem Tat und min- 
destens einem Kamm, wahrend die welligen Seg- 
mente die zyllndrische Kontur des Stents umschrei- 
ben, wobei mindestens ein axiates Element (24) zwi- 
schen zwei benachbarten Segmenten (1 2) angeord- 
net und an einer ersten Verbindungsstelle an einem 
der benachbarten Segmente und an einer zweiten 
Verbindungsstelle am anderen der Segmente ange- 
bracht ist. 



Revendications 

1. Extenseur chirurgical a dilatation radiate (10) d im- 
planter dans une Iumi6re de corps (L) pour ameliorer 
la fonction de la lumi^re de corps, I'extenseur com- 
prenant, en combinaison: 

une pluralite de segments (1 2) joints les uns aux 
autres pour former un extenseur creux essen- 
tiellement cylindrtque (10). chacune desdits 
segments pr6sentant un contour de section 
transversale poss6dant une surface int6rieure 
(44) d6finissant une partie d'un diametre int§- 
rieur dudit extenseur, et une surface ext6rieure 
(42) d6finissant une partie d'un diametre extS- 
rieur dudit extenseur; 

ladite surface int^rieure (44) 6tant limit^e par 
des bords int6rieurs courbes (54, 56); 
ladite surface exterieure (42) 6tant limit§e par 
des bords ext^rieurs courbes (50, 52), caracte- 
rts6 en ce que: 

lesdits bords interieurs (54, 56) presentent 
un rayon de courbure plus grand que cetui 
desdits bords ext^rieurs (50, 52). de telle 
sorte que ladite surface interieure soit pro- 
fil6e afin de faciliter le passage continu des 
fluides corporels d travers la lumrdre dans 
laquelle ledit extenseur est implants. 

2. Extenseur selon la revendication 1 . dans lequet les- 
dits bords intferieurs (44) presentent une courbe 
avant int6rieure (60) et une courbe arri6re int6rieure 
(62), ladite courbe avant int6rieure (60) elant situee 
d proximity d'une surface avant (46) dudit segment 
entre ladite surface interieure (44) et ladite surface 
exterieure (42), ladite courbe arriere interieure (62) 
etant situee entre ladite surface interieure et une sur- 
face arriere (48) entre ladite surface interieure et la- 



dite surface exterieure dudit segment et en face de 
ladite surface avant, ladite courbe avant interieure 
(54) presentant un rayon de courbure avant interieur 
(70) sensiblement egal ^ un rayon de courbure ar- 
s riere interieur (72) de ladite courbe arriere interieure 
(56), de telle sorte que lesdits bords interieurs soient 
essentieltement des images refiechies Tun de t'autre 
et que ledit extenseur soit reversible. 

^0 3. Extenseur selon la revendication 2, dans lequel les- 
dits bords exterieurs (42) presentent une courbe 
avant exterieure (64) et une courbe arriere exterieure 
(66), ladite courbe avant exterieure (64) presentant 
un rayon de courbure avant exterieur (74), et ladite 
courbe arriere exterieure (66) presentant un rayon 
de courbure arriere exterieur (76). ledit rayon de 
courbure avant Interieur (70) et ledit rayon de cour- 
bure arriere Interieur (72) etant tous les deux plus 
grands que ledit rayon de courbure avant exterieur 
(74) et que ledit rayon de couriDure arriere exterieur 
(76). 

4. Extenseur selon la revendication 3. dans lequel ledit 
rayon de courbure avant interieur (70, 72) est plus 
grand que deux fois la dimension dudit rayon de 
couribure avant exterieur (74, 76). 

5. Extenseur selon Tune quelconque des revendica- 
tions precedentes, dans lequel lesdits segments du- 
dit extenseur sont formes d partir d'une matiere me- 
tallique. 

6. Extenseur selon t'une quelconque des revendica- 
tions precedentes, dans fequel ladite surface inte- 
rieure (44) et ladite surface exterieure (42) dudit ex- 
tenseur sont exemptes de toute piqure de corrosion 
due a une exposition dudit extenseur a des matieres 
corrosives. 

7. Extenseur selon I'une quelconque des revendica- 
tions precedentes, dans lequel ladite surface inte- 
rieure (44) dudit extenseur (10) presente une finition 
lisse ne comportant aucune deformation s'6tendant 
sur plus de 0, 1 25 |im (cinq micro pouces) au-dessus 
des parties avoisinantes de ladite surface interieure. 

8. Extenseur selon I'une quelconque des revendica- 
tions precedentes, dans lequel la dimension dudit 
rayon, de courbure avant interieur (70) est plus gran- 
de que ta dimension d'une epaisseur (T) dudit seg- 
ment entre ladite surface interieure (44) et ladite sur- 
face exterieure (42). 

9. Extenseur selon Tune quelconque des revendica- 
tions precedentes. dans lequel ledit extenseur est 
forme a partir d'une matiere metallique choisie dans 
le groupe comprenant I'acier inoxydable. le titane, le 
nickel, des poly-hydrocarbures et des materiaux et 
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des alliages pouvant §tre implantSs. 

10. Extenseur selon Tune quelconque des revendica- 
tions pr^cedentes. dans iequel lesdits segments (1 2) 
dudit extenseur sont joints les uns aux autres de ma- 5 
niere a permettre la dilatation d'un diametre dudit 
extenseur. 

11. Extenseur selon Tune quelconque des revendica- 
tions pr6c6dentes. dans Iequel lesdits rayons de io 
courbure int6rieurs desdits bords Interieurs sont non 
constants et pr6sentent une dimension maximale qui 

est plus grande que deux fois la dimension desdits 
rayons de courbure ext6rieurs desdits bords ext6- 
rieurs. is 

12. Extenseur selon Tune quelconque des revendica- 
tions pr6c6dentes. dans Iequel au moins deux de 
ladite plurality de segments (1 2) presentent une for- 
me ondulee comprenant au moins un creux et au 20 
moins une crete, lesdits segments ondul6s d6finis- 
sant ledit contour cylindrique dudit extenseur, et au 
moins un 6l6ment axial (24) 6tant situ6 entre deux 
desdits segments voisins (12) et 6tant attaches a 
I'un desdits segments voisins d une premiere jonc- 25 
tion et a Tautre desdits segments voisins d une 
deuxi^me jonction. 
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Fig. 2 



11 



EP 0 973 462 B1 




EP 0 973 462 B1 




(PRIOR ART) 



13 



